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TOPICAL NIFEDIPINE FORMULATIONS prolonged ischemia . For example , most patients with sclero 
AND USES THEREOF derma suffer severe RP requiring medical treatment . A 

survey of 443 subjects with self - reported RP from 15 
CROSS - REFERENCE TO RELATED countries found that 64 percent of subjects reported a poor 

APPLICATIONS or very poor current ability to prevent or control RP attacks.8 
Cold avoidance may not even be possible , for example , in 

The present application claims the benefit of priority from patients with certain occupations . 
co - pending U.S. Provisional Patent Application No. 62/512 , When pharmacological treatment is initiated due , for 
431 filed on May 30 , 2017 , and Canadian Patent Application example , to severe disease impact on quality of life , when 
No. 2,968,861 filed May 30 , 2017 , the contents of both of 10 preventative measures are insufficient and / or when tissue 
which are incorporated herein by reference in their entirety . damage such as ulceration is occurring , an object of therapy 

is to reduce the severity and / or frequency of attacks . For 
FIELD example , patients with secondary RP ( disease - related , e.g. 

90 % of patients with scleroderma ) are more likely to have 
The present application relates to topical nifedipine for- 15 severe attacks and require pharmacologic treatment ? 

mulations comprising a photostabilizing effective amount of including oral vasodilators , calcium channel blockers11 , oral 
quercetin or a photostabilizing effective amount of a com or topical nitrates , fluoxetine , phosphodiesterase - 5 inhibi 
bination of quercetin and butyl methoxydibenzoylmethane tors ' ?, beta - blockers and local injections of botulinum A 
( BMDBM ) and to uses of such topical formulations , for toxin.13 Surgical sympathectomy of the hands may be used 
example , to treat diseases , disorders or conditions that 20 in resistant cases . Oral calcium channel blockers are often 
benefit from topical administration of nifedipine such as front - line therapy for RP15 , and evidence - based reviews of 
Raynaud phenomenon . the effectiveness of calcium channel blockers indicate that 

nifedipine appears to be superior to nicardipine in that drug 
BACKGROUND class in reducing the frequency and severity of attacks in 

25 primary RP16 , whereas reviews of oral vasodilators show 
Raynaud Phenomenon ( RP ) causes vasospasm of the very limited effectiveness . 17 However , oral nifedipine has 

thermoregulatory arterioles in cold - exposed hands and feet several constraints . To be effective , it must be taken on a 
of affected persons , resulting in numb , ischemic digits and daily basis but there is a risk of systemic adverse effects , 
pain , adversely affecting quality of life and there is cur such as flushing or dizziness , and the drug may not be as 
rently no effective topical product available to patients for 30 effective at a more tolerable dose . During an attack , oral 
acute treatment or for prevention . A characteristic blanching dosing may not result in rapid relief due to the lag time for 
with clear demarcation occurs , accompanied by numbness absorption . 
and discomfort occurring due to ischemia , followed by A topical formulation for immediate as - needed use in 
bluish discoloration then redness when blood flow returns patients with RP may avoid daily oral dosing , or could be 
( hyperemia ) . After a cold challenge , recovery of perfusion is 35 used , for example as an adjunct therapy in more severe 
slower in RP patients . The nipple of the breast may also be cases . An advantage of topical application of nifedipine 
affected very painfully . would be that an immediate effect may , for example , be 

Causes of RP include autoimmune disorders such as but achieved on the local tissue and systemic exposure would be 
not limited to : scleroderma , systemic lupus erythematosus , limited . However , for treatment of RP with topical agents , 
mixed connective - tissue disease , dermatomyositis , poly- 40 there is little available . Chung et al . performed a double 
myositis , rheumatoid arthritis and Sjögren syndrome . ? blind placebo controlled trial of a topical nitroglycerin 
According the Scleroderma Association of Saskatchewan , product in patients with RP . While they found a significant 
RP affects approximately 90 % of people with scleroderma.3 difference between treatment and placebo in the clinical 
Lupus erythematosus , affecting about 1 in 1000 Canadians , scoring of RP overall , there was no statistical difference in 
can also present with symptoms of Raynaud phenomenon . 45 the duration , severity or subjective assessment of the RP 
An association with some medications , diabetes and occu attacks.18 This is consistent with the lack of superiority of 
pational vibration exposure has also been noted . Primary RP oral nitrates in the treatment of RP.19 Nitrates , both topical 
( not related to connective tissue disease ) also affects at least and oral , are associated with headaches and flushing . 
3-7 % of the population worldwide . For example , some Furthermore , the well - known issue of pharmacological tol 
drugs , including beta blockers ( which may be used to treat 50 erance to nitrates with chronic dosing21 has not been 
high blood pressure ) , migraine medications that contain addressed in this clinical context . Nifedipine , however , does 
ergotamine or sumatriptan , attention - deficit / hyperactivity have good evidence of efficacy and its mechanism in RP is 
disorder medications , certain chemotherapy agents , and well understood.22 
drugs that cause blood vessels to narrow ( such as some Local pharmacy - prepared topical nifedipine has some 
over - the - counter cold medications ) have been linked to 55 times been requested by physicians for use by patients but it 
Raynaud's phenomenon . was not stable due to the UV - light sensitivity of the drug , 

There may be familial tendency in some cases and it is leading to inconsistent efficacy.23 Furthermore , nifedipine is 
more common in adult females.1,5 While not wishing to be not water soluble , which may , for example , present certain 
limited by theory , the pathogenesis of primary RP involves limitations to the pharmacist such as having to use hydro 
peripheral alpha - 2 adrenoreceptors ( b ) and disorders of the 60 phobic cream bases or having to perform relatively complex 
vascular system's thermoregulatory mechanisms . Family compounding procedures . 
history , migraines and smoking are also related to the In general , a topical formulation is used either to treat the 
incidence of primary RP . skin itself or as an alternative to other dosing routes for local 
RP is always not a benign condition : in severe cases tissues . The outermost layer of skin , the stratum corneum , is 

associated with certain connective tissue or autoimmune 65 a barrier to absorption . Drugs can penetrate the skin through 
diseases , diabetes and / or drug exposures , tissue damage with hair follicles or , for very lipophilic and small molecules , 
ulceration and even necrosis may occur due to repeated and pass directly through the epithelium , but this is very limited . 
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Penetration enhancers are compounds which facilitate trans typical time period in which the nifedipine may be exposed 
dermal drug absorption such as by affecting epithelial tight to such light during use . This was accomplished by means of 
junctions , 24 and thus are commonly employed in topical an oil - in - water emulsion containing ultraviolet ( UV ) light 
formulations which are intended to facilitate drug passage blockers ( photostabilizers ) such as quercetin and BMDBM . 
into the dermal layer or beyond . For example , the penetra- 5 The topical nifedipine emulsion described herein had suffi tion enhancer diethylene glycol monoethyl ether ( Transcutol cient viscosity and an appropriate composition such that HP® ) has an established safety recordas , regulatory phase separation was not observed during the studies . The approval for human use and ease of incorporation into photostabilizer compounds dissolved into the oil phase of emulsions . 

An emulsion may , for example , allow certain actives to be the oil - in - water ( o / w ) emulsion , where nifedipine was also 
10 solubilized . readily incorporated into the internal oil phase , while a 

non - greasy feel is still achieved . For patient acceptability , an Accordingly , the present application includes a topical 
oily topical preparation is generally not desirable for use on formulation in the form of an oil - in - water emulsion com 
the hands and feet . However , a potential concern with prising nifedipine and a photostabilizing effective amount of 
emulsions in general is the tendency for coalescence of the quercetin or a photostabilizing effective amount of a com 
oil droplets of the internal phase . If this occurs , long - term 15 bination of quercetin and butyl methoxydibenzoylmethane 
stability is reduced . The composition and viscosity are ( BMDBM ) . 
features which may be used to minimize the potential for In an embodiment , the oil phase further comprises glyc 
phase separation . eryl monostearate , stearic acid , liquid paraffin , petrolatum 

Topical medications are applied to external body surfaces and diethylene glycol monoethyl ether . In another embodi 
and therefore have the potential for significant light expo- 20 ment , in addition to water , the aqueous phase further com 
sure . Typically , these preparations are applied as a thin film , prises glycerin and sodium laurel sulfate . 
maximizing the surface area of the formulation to light and The present application also includes a method for treat 
therefore the potential to interact with UV light . A recent ing a disease , disorder or condition that benefits from topical analysis of topical products in the United States Pharmaco administration of nifedipine , the method comprising topi 
poeia and the European medicines databases indicated that 25 cally administering an effective amount of a topical formu up to 28 % of approved drugs have the recommendation to lation of the present application to a subject in need thereof . protect the product from light26 and the list of new drugs 
with this recommendation continues to grow . While some The present application further includes a topical use of a 
drug products are simply inactivated by light exposure , topical formulation of the present application for treating a 
resulting in subpotency , others may form photodegradation disease , disorder or condition that benefits from topical 
products with toxicities or unknown effects . 28 Exposure of 30 administration of nifedipine in a subject in need thereof , a 
nifedipine to UVA light results in the formation of dehy use of a topical formulation of the present application for 
dronifedipine followed by dehydronitrosonifedipine29 , com preparation of a topical medicament for treating a disease , 
pounds which are inactive as vasodilators . Variable amounts disorder or condition that benefits from topical administra 
of UV - induced degradation of nifedipine occur during tion of nifedipine in a subject in need thereof as well as a 
preparation and storage . Light exposure may also influence 35 topical formulation of the present application for topical use 
the physical and / or technical performance of a topical for to treat a disease , disorder or condition that benefits from 
mulation , such as but not limited to changes in viscosity , topical administration of nifedipine in a subject in need 
precipitation of components , changes in emulsion droplet thereof . 
size affecting stability and / or changes in chemical degrada In an embodiment , the disease , disorder or condition that 
tion of materials.2 40 benefits from topical administration of nifedipine is Ray 

Photostabilizers are chemicals that filter UV energy by naud's phenomenon . 
absorbing a certain range of high energy UV wavelengths Other features and advantages of the present application 
and releasing the energy at a lower range . In doing so , will become apparent from the following detailed descrip 
however , the photostabilizers degrade unless used in com tion . It should be understood , however , that the detailed 
bination . UV blockers include rutin and quercetin ( antioxi- 45 description and the specific examples , while indicating 
dant compounds found in fruits and vegetables ) 30 and butyl embodiments of the application , are given by way of illus 
methoxydibenzoylmethane ( BMDBM ; an approved sun tration only and the scope of the claims should not be limited 
screen agent also known as avobenzone ) .31 These com by these embodiments , but should be given the broadest 
pounds dissolve into the oil phase of an oil - in - water ( o / w ) interpretation consistent with the description as a whole . 
emulsion . In addition to its use as a photostabilizer , quer- 50 
cetin has also been used for wound healing32 . DRAWINGS 

Nifedipine may also be useful to treat conditions related 
to peripheral vascular insufficiency . Such conditions include The embodiments of the application will now be 
venous leg ulceration due to sustained venous hypertension , described in greater detail with reference to the attached 
which results from chronic venous insufficiency33 , intermit- 55 drawings in which : 
tent claudication and peripheral arterial occlusive disease . FIG . 1 shows the ultraviolet ( UV ) absorption spectra of 
The great majority of vascular ulcers are chronic or recur nifedipine in absorbance units as a function of wavelength 
rent . They cause a considerable amount of morbidity among ( nm ) for the following samples : nifedipine solution 40 
patients with peripheral vascular disease , including work ug / mL in methanol with peak absorbance at 348 nm ( dotted 
incapacity . Additionally , these non - healing ulcers may place 60 line ) ; methanol extract of nifedipine cream [ 2 % ( w / w ) as 
the patient at much higher risk for lower extremity ampu oil - in - water ( O / W ) emulsion ] ( dashed line ) ; nifedipine solu 
tation . tion after 2 h exposure to UVA light at a flux of 750 uW / cm² 

( alternating dotted and dashed line ) ; and methanol extract of 
SUMMARY nifedipine cream [ 2 % ( w / w ) as O / W emulsion ) exposed for 

65 2 h to UVA light at a flux of 750 ° W / cm² ( solid line ) 
A topical formulation of nifedipine has been prepared that according to comparative examples of the present applica 

was observed to be substantially stable to UVA light over the tion . 
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FIG . 2 is a plot showing percent of original concentration exposure for 6 hrs as thin film at 492 uW / cm² according to 
of nifedipine as a function of time ( 14 , 21 , and 28 days ) for a comparative example of the present application indicating 
nifedipine ( N ) 2 % ( w / w ) cream prepared with or without that dehydronifedipine and dehydronitrosonifedipine are the 
Transcutol HP ( T ) [ 1 % or 2 % ( w / w ) ] according to compara main photodegradants of nifedipine in the emulsion formu 
tive examples of the present application which were stored 5 lation , based on appearance of m / z consistent with their 
protected from light at ambient temperature ( 23 ° C. ) and expected profiles upon UV exposure of the emulsion . 
concentration was measured by UV spectrophotometry . FIG . 11 is a mass spectrum showing the appearance of 
Data represent mean + SD ( n = 3 ) . nifedipine 2 % w / w cream containing 0.5 % w / w quercetin 

FIG . 3 is a plot showing percent of original concentration and BMDBM [ 3 % ( w / w ) ] according to an example of the 
of nifedipine as a function of time ( minutes ) for nifedipine 10 topical formulations of the present application subsequent to 
( 2 % w / w ) cream according to a comparative example of the exposing a thin film of the cream to UVA ( 492 UW / cm² ) for 
present application exposed as a thin film to ambient light 6 hrs . 
over 1 hr . Data represent mean : SD ( n = 3 ) . FIG . 12 is a plot comparing the absorption of nifedipine 

FIG . 4 is a plot showing percent of original concentration across a model skin membrane in a vertical diffusion appa 
of nifedipine as a function of time ( minutes ) for nifedipine 15 ratus showing a linear trend of accumulation over time 
( 2 % w / w ) cream according to a comparative example of the ( minutes ) at a temperature of 32 ° C. for nifedipine emulsions 
present application exposed as a thin film to UVA light ( 750 with quercetin ( NQ ) or with BMDBM ( NB ) according to 
uW / cm² ) over 2 hr . Data represent mean + SD ( n = 3 ) . examples of the topical formulations of the present appli 

FIG . 5 is a plot showing that the reduction in nifedipine cation ; or without these photostabilizers ( N ) according to a 
concentration measured by high performance liquid chro- 20 comparative example of the present application . 
matography ( HPLC ) over time ( minutes ) following ambient 
light exposure corresponds with appearance of the photo DETAILED DESCRIPTION 
degradation product dehydronitrosonifedipine ( DHN ) . Data 
represent mean : SD ( n = 3 ) . 1. Definitions 

FIG . 6 is a plot showing the concentration ( ug / mL ) 25 Unless otherwise indicated , the definitions and embodi 
nifedipine remaining / mg of cream extracted for creams with ments described in this and other sections are intended to be 
nifedipine and rutin [ 0.1 % or 0.5 % ( w / w ) ] in comparison to applicable to all embodiments and aspects of the present 
nifedipine creams without rutin according to comparative application herein described for which they are suitable as 
examples of the present application after UVA exposure would be understood by a person skilled in the art . 
( 750 uW / cm² ) over a period of 2 or 3 h . Data represent 30 The present application refers to a number of chemical 
mean + SD ( n = 3 ) . terms and abbreviations used by those skilled in the art . 

FIG . 7 is a plot showing the percent original nifedipine Nevertheless , definitions of selected terms are provided for 
concentration as a function of time ( hours ) for creams with clarity and consistency . 
quercetin [ 0.5 % ( w / w ) ] and with quercetin [ 0.5 % ( w / w ) ] and As used herein , the words “ comprising ” ( and any form of 
BMDBM [ 3 % ( w / w ) ] incorporated into a nifedipine 2 % 35 comprising , such as “ comprise ” and “ comprises ” ) , “ having ” 
( w / w ) cream as a photostabilizer according to examples of ( and any form of having , such as " have ” and “ has ” ) , 
the topical formulations of ( 492 uW / cm² ) Data represent " including ” ( and any form of including , such as “ include ” 
mean : SD ( n = 3 ) . and “ includes ” ) or “ containing ” ( and any form of contain 

FIG . 8 is a plot showing the percent original nifedipine ing , such as " contain " and " contains ” ) , are inclusive or 
concentration as a function of time ( hours ) for creams with 40 open - ended and do not exclude additional , unrecited ele 
no added photoprotectant ( N ) , with quercetin [ 0.5 % ( w / w ) ] ments or process / method steps . As used herein , the word 
( NQ ) , with quercetin [ 0.5 % ( w / w ) ] and BMDBM [ 3 % “ consisting ” and its derivatives , are intended to be close 
( w / w ) ] ( NQB ) , with rutin [ 3 % ( w / w ) ] ( NR ) , with rutin [ 3 % ended terms that specify the presence of stated features , 
( w / w ) ] and BMDBM [ 3 % ( w / w ) ] ( NRB ) and with BMDBM elements , components , groups , integers , and / or steps , and 
[ 3 % ( w / w ) ] ( NB ) incorporated into a nifedipine 2 % ( w / w ) 45 also exclude the presence of other unstated features , ele 
cream as a photostabilizer according to examples of the ments , components , groups , integers and / or steps . The term 
topical formulations of the present application . The cream “ consisting essentially of ” , as used herein , is intended to 
was exposed as a thin film to UVA light Flux = 750 uW / cm . ? specify the presence of the stated features , elements , com 
Data represent mean + SD ( n = 3 ) . * indicates statistically sig ponents , groups , integers , and / or steps as well as those that 
nificant difference ( p < 0.05 ) from nifedipine cream with no 50 do not materially affect the basic and novel characteristic ( s ) 
photostabilizers . ** indicates statistically significant differ of these features , elements , components , groups , integers , 
ence from nifedipine cream with quercetin only or rutin only and / or steps . 
or BMDBM only ( p < 0.05 ) . Terms of degree such as “ substantially ” , “ about ” and 

FIG . 9 contains results of sedimentation analysis of a " approximately ” as used herein mean a reasonable amount 
nifedipine emulsion ( N ) according to a comparative example 55 of deviation of the modified term such that the end result is 
of the present application as well as nifedipine emulsions not significantly changed . These terms of degree should be 
containing quercetin ( NQ ) or quercetin plus BMDBM construed as including a deviation of at least 25 % of the 
( NQB ) according to examples of the topical formulations of modified term if this deviation would not negate the mean 
the present application showing differences in their tendency ing of the word it modifies . 
to exhibit phase separation ( 42 ° C. over 12 hrs ) , as shown by 60 As used in this application , the singular forms “ a ” , " an " 
an increase in light transmission at the top of the sample as and “ the ” include plural references unless the content clearly 
the oil phase separates to the top . This rate of change in light dictates otherwise . For example , an embodiment including 
transmission of the sample vs time was translated into an “ a penetration enhancer ” should be understood to present 
“ instability index ” , where a greater rate of phase separation certain aspects with one penetration enhancer or two or more 
is considered greater instability . 65 additional penetration enhancers . In embodiments compris 

FIG . 10 is a Q1 scan of nifedipine extracted from nife ing an “ additional ” or “ second ” component , such as an 
dipine 2 % w / w cream containing rutin [ 2 % w / w ) ] with UVA additional or second penetration enhancer , the second com 
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ponent as used herein is chemically different from the other The term “ subject ” as used herein includes all members of 
components or first component . A “ third ” component is the animal kingdom including mammals , and suitably refers 
different from the other , first , and second components , and to livestock ( such as but not limited to bovines ) and humans . 
further enumerated or “ additional ” components are similarly In an embodiment , the subject is a mammal . In another 
different . 5 embodiment , the subject is human . In a further embodiment , 

The term “ and / or ” as used herein means that the listed the subject is livestock . It is an embodiment that the live items are present , or used , individually or in combination . In stock is a bovine . 
effect , this term means that at least one of ” or “ one or more ” The terms " oil - in - water emulsion ” and “ O / W emulsion ” 
of the listed items is used or present . and the like as used herein refer to a mixture of two liquid The terms " butyl methoxydibenzoylmethane ” , 10 phases , an oil phase and an aqueous phase wherein the oil “ BMDBM ” and “ avobenzone ” as used herein refer to the 
compound having the IUPAC name 1- ( 4 - methoxyphenyl ) phase is dispersed in the aqueous phase ; i.e. the oil phase is 
3- [ 4- ( 2 - methyl - 2 - propanyl ) phenyl ) -1,3 - propanedione and the “ dispersed phase ” and the aqueous phase is the “ con 
the following structure : tinuous phase " . 

The terms “ formulation ” and “ pharmaceutical formula 
tion ” as used herein are equivalent terms referring to a 
formulation for pharmaceutical use . 

The term “ for pharmaceutical use ” means compatible 
with the treatment of subjects , for example mammals such 

20 as livestock and humans . 
The terms “ treating " or " treatment ” and the like as used 

herein and as is well understood in the art , means an 
approach for obtaining beneficial or desired results , includ 
ing clinical results . Beneficial or desired clinical results 

The term “ quercetin ” as used herein refers to the com 25 include , but are not limited to alleviation or amelioration of 
pound having the IUPAC name 2- ( 3,4 - dihydroxyphenyl ) -3 , one or more symptoms or conditions , diminishment of 
5,7 - trihydroxy - 4H - chromen - 4 - one and the following struc extent of disease , stabilized ( i.e. not worsening ) state of 

disease , preventing spread of disease , delay or slowing of ture : disease progression , amelioration or palliation of the disease 
30 state , diminishment of the reoccurrence of disease , and 

remission ( whether partial or total ) , whether detectable or 
undetectable . “ Treating " , " treatment " and the like as used 
herein also include prophylactic treatment . Treatment meth 
ods and uses comprise topically administering to a subject or 

?? . 35 topical use of , respectively , an effective amount of nife 
dipine and optionally consist of a single administration or 
use , or alternatively comprise a series of administrations or 
uses . For example , the nifedipine is topically administered HO 
or used at least once a week . However , in another embodi 

40 ment , the nifedipine is topically administered to the subject 
or used from about one time per two weeks , three weeks or 

The term " rutin ” as used herein refers to the compound one month . In another embodiment , the nifedipine is topi 
having the IUPAC name 2- ( 3,4 - dihydroxyphenyl ) -5,7 - dihy cally administered or used about one time per week to about 
droxy - 4 - oxo - 4H - chromen - 3 - yl 6-0- ( 6 - deoxy - a - L - mann once daily . In another embodiment , the nifedipine is topi 
opyranosyl ) -B - D - glucopyranoside and the following struc- 45 cally administered or used 2 , 3 , 4 , 5 or 6 times daily . The 
ture : length of the treatment period depends on a variety of 

factors , such as the type and / or severity of the disease , 
disorder or condition , the age of the subject , the concentra 

OH tion of the nifedipine in the topical formulation , and / or a 
50 combination thereof . It will also be appreciated that the 

?? , effective dosage of the nifedipine used for the treatment may 
increase or decrease over the course of a particular treatment 
regime . Changes in dosage may result and become apparent 
by standard diagnostic assays known in the art . In some 

55 instances , chronic administration or use is required . For 
example , the nifedipine is topically administered to the 
subject or used in an amount and for duration sufficient to 

HO treat the subject . In an embodiment , the nifedipine is for 
immediate as - needed topical administration or use . 

“ Palliating ” a disease , disorder or condition means that 
the extent and / or undesirable clinical manifestations of the 
disease , disorder or condition are lessened and / or time 
course of the progression is slowed or lengthened , as com 
pared to not treating the disease , disorder or condition . 

The term " prevention ” or “ prophylaxis ” , or synonym 
thereto , as used herein refers to a reduction in the risk or 
probability of a subject becoming afflicted with a disease , 

?? . Boo 
OH 

OH 
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disorder or condition or manifesting a symptom associated The term " anionic surfactant ” as used herein refers to a 
with a disease , disorder or condition . surfactant that contains an anionic functional group at its 

As used herein , the terms " effective amount " or " thera head such as but not limited to sulfate , sulfonate , phosphate 
peutically effective amount ” mean an amount of nifedipine and carboxylate . 
that is effective , at dosages and for periods of time necessary The term “ water ” as used herein as an ingredient in the 
to achieve the desired result . For example in the context of topical formulations of the application refers to pharmaceu 
treating Reynaud's phenomenon , an effective amount is an tically acceptable water . 
amount that , for example , decreases vasospasm of the ther The term “ % w / w ” means a percentage expressed in terms 
moregulatory arterioles in cold - exposed extremities in the of weight of a component over the total weight of a 
presence of treatment in comparison to the vasospasm of the 10 formulation multiplied by 100 . 
thermoregulatory arterioles in cold - exposed extremities in The term “ photostabilizing effective amount of quercetin ” 
the absence of treatment . In an embodiment , effective as used herein refers to an amount of quercetin that , when 

added to a topical formulation of the present application , amounts vary according to factors such as the disease state , 
age , sex and / or weight of the subject . In a further embodi- 15 over the time period the topical formulation is exposed to 

will substantially inhibit photodegradation of nifedipine 
ment , the amount of nifedipine that will correspond to an light during topical administration or use for treatment of a 
effective amount will vary depending upon factors , such as disease , disorder or condition that benefits from topical 
the type of condition , disease or disorder , the identity of the administration of nifedipine . 
subject being treated , and the like , but can nevertheless be The term “ photostabilizing effective amount of a combi 
routinely determined by one skilled in the art . 20 nation of quercetin and butyl methoxydibenzoylmethane 

The " disease , disorder or condition ” as used herein refers ( BMDBM ) ” as used herein refers to an amount of quercetin 
to a disease , disorder or condition that benefits from topical and BMDBM that , when added to a topical formulation of 
administration of nifedipine . the present application , will substantially inhibit photodeg 

The term “ topical formulation ” as used herein includes a radation of nifedipine over the average time period the 
composition that is suitable for topical application to the 25 topical formulation is exposed to light during topical admin 
skin , nail , mucosa , wound bed or wound cavity . Topical istration or use for treatment of a disease , disorder or 
formulations may be used , for example , for local , regional , condition that benefits from topical administration of nife 
or transdermal application of substances . dipine . 

The terms “ topical administration ” or “ topical use ” as II . Topical Formulations and Processes for their Prepara 
30 tion used herein include the delivery of nifedipine to the skin or 

a localized region of the body as well as transdermal Topical nifedipine oil - in - water emulsions have been pre 
delivery of nifedipine through the skin . pared . In stability studies , nifedipine concentration was 

maintained at > 95 % of original concentration at 23 ° C. or 4 ° The term “ penetration enhancer ” as used herein refers to C. for at least 12 months protected from light . However , a compound or mixture of compounds that improves the rate upon exposure to indoor fluorescent room light appearance of percutaneous transport of nifedipine across the skin for of the major degradation product , dehydronitrosonifedipine 
use and delivery of nifedipine to subjects such as mammals , ( DHN ) appeared within 2 hours . Rutin , quercetin and a for example , humans . combination of BMDBM and quercetin were incorporated at 

The term " emulsifier ” as used herein refers to a compound varying concentrations in the emulsion . While rutin was not 
or mixture of compounds which promotes or facilitates the 40 effective , quercetin and the combination of quercetin and 
dispersion of one substance in another to form an emulsion . BMDBM increased the stability of nifedipine to UVA light . 

The term “ emulsion stabilizer ” as used herein refers to a For example , when quercetin ( 0.5 % w / w ) was incorporated 
compound or mixture of compounds that helps to maintain into the nifedipine cream , photostability was improved after 
the oil - in - water emulsion . UVA exposure . In combination with BMDBM , a further 

The term “ moisturizer ” as used herein refers to a com- 45 improvement to at least 75 % at 492 ?W / cm² or at least 55 % 
pound or mixture of compounds that makes the external at 750 uW / cm² of the original concentration even after 8 h 
layers of the skin ( epidermis ) softer , more pliable and / or of UVA exposure was observed . Mass spectrometry was 
increases its hydration by reducing evaporation . used to determine which nifedipine degradation products 

The term “ solvent ” as used herein refers to a liquid or occurred following UV exposure when the photostabilizers 
mixture of liquids which aids in dissolving and / or diluting 50 ( rutin , quercetin or a combination of quercetin and 
any other component or mixture of components in the BMDBM ) were present . Dehydronifedipine and dehydroni 
topical formulation . trosonifedipine were found in UVA - exposed creams , with 

The term “ emollient ” as used herein refers to a compound no alternative degradation pathways identified in the pres 
ence of these photostabilizers . To study if these additional or mixture of compounds that adds or replaces natural oils 55 excipients might reduce the physical stability of the emul in the skin , for example by maintaining the integrity of the sion by affecting viscosity or emulsion droplet formation , hydrolipids of the skin . the creaming rate and extent were assessed in a temperature The term “ thickener ” as used herein refers to a compound controlled photocentrifuge whereby an increased transmis or mixture of compounds that adjusts the thickness of the sion to light indicates phase separation , which was then 

topical formulation . 60 calculated as an instability index . The incorporation of 
The term " humectant ” as used herein refers to a com quercetin or BMDBM increased the stability of the nife 

pound or mixture of compounds to increase the water dipine emulsion in comparison to the emulsion without the 
content of the top layers of skin . presence of these photostabilizers . There was no visible 

The term “ surfactant ” as used herein refers to an amphi phase separation even at 24 months at ambient temperature . 
philic compound or mixture of amphiphilic compounds that 65 To assess the permeability of nifedipine to model skin 
lowers the surface tension ( or interfacial tension ) between membranes ( StratM membranes ) , a Franz - type static diffu 
two liquids or between a liquid and a solid . sion cell apparatus was used and diffusion of nifedipine at 
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32 ° C. from the emulsion to the receptor compartment the glycerin is present in the topical formulation in an 
( comprised of saline and 20 % ethanol to permit drug solu amount of from about 10 % w / w to about 20 % w / w ; and 
bility ) was determined . The drug did diffuse for all samples the anionic surfactant , for example sodium laurel sulfate 
including those with the photostabilizer quercetin or the is present in the topical formulation in an amount of from 
combination of quercetin and BMDBM . 5 about 0.1 % w / w to about 2 % w / w , all values for % w / w 

Accordingly , the present application includes a topical being based on the total weight of the topical formulation . 
formulation in the form of an oil - in - water emulsion com In an embodiment , the nifedipine is present in the topical 
prising nifedipine and a photostabilizing effective amount of formulation in an amount of from about 0.1 % w / w to about 
quercetin or a photostabilizing effective amount of a com 5 % w / w , from about 0.5 % w / w to about 3 % w / w or from 
bination of quercetin and butyl methoxydibenzoylmethane 10 about 1.0 % w / w to about 2.0 % w / w based on the total 
( BMDBM ) . In an embodiment , the topical formulation weight of the topical formulation . In another embodiment , 
comprises a photostabilizing effective amount of quercetin . the nifedipine is present in the topical formulation in an 
In another embodiment , the topical formulation comprises a amount of from about 0.5 % w / w to about 1.5 % w / w or from 
photostabilizing effective amount of a combination of quer about 1.5 % w / w to about 2.5 % w / w based on the total 
cetin and butyl methoxydibenzoylmethane ( BMDBM ) . 15 weight of the topical formulation . In a further embodiment , 

In an embodiment , the topical formulation further com the nifedipine is present in an amount of about 2 % w / w , 
prises one or more of : penetration enhancer , emulsifier , based on the total weight of the topical formulation . 
emulsion stabilizer , moisturizer , solvent , emollient , thick In an embodiment , the quercetin is present in the topical 
ener , humectant and surfactant . The penetration enhancer , formulation in an amount of from about 0.1 % w / w to about 
emulsifier , emulsion stabilizer , moisturizer , solvent , emol- 20 3 % w / w , from about 0.2 % w / w to about 2 % w / w or from 
lient , thickener , humectant and / or surfactant for use in the about 0.25 % w / w to about 0.75 % w / w based on the total 
topical formulations of the present application can be any weight of the topical formulation . In another embodiment , 
suitable penetration enhancer , emulsifier , emulsion stabi the quercetin is present in an amount of about 0.5 % w / w , 
lizer , moisturizer , solvent , emollient , thickener , humectant based on the total weight of the topical formulation . 
and / or surfactant , the selection of which can be made by a 25 In an embodiment , the BMDBM is present in the topical 
person skilled in the art . formulation in an amount of from about 0.1 % w / w to about 

The selection of a suitable surfactant is made , for example 4 % w / w , from about 1.0 % w / w to about 3.5 % w / w or about 
based on its hydrophilic - lipophilic balance ( HLB ) , a mea 2.0 % w / w to about 3.0 % w / w based on the total weight of 
sure of the degree to which the surfactant is hydrophilic or the topical formulation . In another embodiment , the 
lipophilic and which can be used to predict the surfactant 30 BMDBM is present in an amount of about 3 % w / w , based 
values of the surfactant . Ionic surfactants have been assigned on the total weight of the topical formulation 
relative HLB values , allowing the range of numbers to In an embodiment , greater than about 60 % w / w , greater 
extend from 0-60 . For example , sodium lauryl sulfate has an than about 70 % w / w or greater than about 75 % w / w of the 
HLB value of 40. Surfactants having similar HLB values nifedipine in the topical formulation is present after expos 
may be substituted for each other . HLB values are readily 35 ing a thin film of the topical formulation to ultraviolet A 
available and / or can be calculated by a person skilled in the ( UVA ) radiation at a flux of about 492 uW / cm² for about 8 
art . hours . In another embodiment , about 80 % w / w of the 

In an embodiment , the surfactant is an anionic surfactant . nifedipine in the topical formulation is present after expos 
In another embodiment , the anionic surfactant is a sulfonate . ing a thin film of the topical formulation to ultraviolet A 
In a further embodiment , the surfactant has an HLB value of 40 ( UVA ) radiation at a flux of about 492 uW / cm² for about 8 
from about 30 to about 50 or about 40 . hours . In an embodiment , at least 55 % w / w of the nifedipine 

In an embodiment of the present application , the formu in the topical formulation is present after exposing a thin 
lation further comprises glyceryl monostearate , stearic acid , film of the topical formulation to ultraviolet A ( UVA ) 
liquid paraffin , petrolatum and diethylene glycol monoethyl radiation at a flux of about 750 uW / cm² for about 8 hours . 
ether . In an embodiment these ingredients are added in the 45 The term “ thin film ” as used herein in reference to these 
oil phase . embodiments refers to the film created by applying a 20 mg 

In another embodiment , sample of the topical formulation to a surface of 15 mmx15 
the glyceryl monostearate is present in the topical formu 

lation in an amount of from about 5 % w / w to about 10 % In an embodiment , the topical formulation is in the form 
w / w ; 50 of a cream . 

the stearic acid is present in the topical formulation in an In an embodiment , the topical formulation is formulated 
amount of from about 5 % w / w to about 15 % w / w ; for transdermal delivery of the nifedipine to the subject . 

the liquid paraffin is present in the topical formulation in The topical formulations of the present application are 
an amount of from about 5 % w / w to about 15 % w / w ; prepared by conventional methods for preparing an oil - in 

the petrolatum is present in the topical formulation in an 55 water emulsion for pharmaceutical use . In an embodiment , 
amount of from about 5 % w / w to about 15 % w / w ; and the topical formulation is prepared by a method comprising : 

the diethylene glycol monoethyl ether is present in the ( a ) mixing the desired amounts of all components of the 
topical formulation in an amount of from about 0.1 % w / w or oil phase other than the nifedipine , the quercetin and the 
about 0.5 % w / w to about 3 % w / w , all values for % w / w BMDBM , if present ( e.g. mixing glyceryl monostearate , 
being based on the total weight of the topical formulation . 60 stearic acid , liquid paraffin , petrolatum and diethylene glycol 

In an embodiment , in addition to water , the formulation monoethyl ether ) together for a time and at a temperature 
further comprises glycerin and an anionic surfactant such as ( e.g. about 75º C. to about 90 ° C. or about 85 ° C. ) to obtain 
sodium laurel sulfate . In an embodiment the glycerin and a homogeneous mixture , then mixing the desired amounts of 
anionic surfactant are added in the water or aqueous phase . the nifedipine , the quercetin and the BMDBM , if present 

In another embodiment , 65 into the oil phase until a homogeneous oil phase is obtained ; 
the water is present in the topical formulation in an ( b ) mixing the desired amounts of all components of the 

amount of from about 45 % w / w to about 60 % w / w ; aqueous phase ( e.g. mixing water , glycerin and sodium 

mm . 
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laurel sulfate ) for a time and at a temperature ( e.g. about 75 ° Accordingly , the present application also includes a 
C. to about 95 ° C. or about 85 ° C. ) to obtain a homogeneous method for treating chilblains , the method comprising topi 
water phase ; cally administering an effective amount of a topical formu 

( c ) adding the homogeneous water phase to the homoge lation of the present application to a subject in need thereof . 
neous oil phase , and mixing for a time and at a temperature 5 The present application further includes a topical use of a 
( e.g. about 75 ° C. to about 90 ° C. or about 85 ° C. ) to obtain topical formulation of the present application for treating 
an emulsion then reducing the temperature to about 30 ° C. chilblains in a subject in need thereof , a use of a topical 
to about 50 ° C. or about 40 ° C. , while stirring , followed by formulation of the present application for preparation of a 
homogenizing for a time of about 1 minute to about 10 topical medicament for treating chilblains in a subject in 
minutes or about 5 minutes ; and 10 need thereof as well as a topical formulation of the present 

( d ) cooling to ambient temperature ( e.g. about 18 ° C. to application for topical use to treat chilblains in a subject in 
need thereof . about 23 ° C. ) . In a further embodiment , the disease , disorder or condi The topical formulations of the present application are tion that benefits from topical administration of nifedipine is preferably stored before use protected from light and mois 15 a wound . 

ture loss ( e.g. in an opaque plastic container ) . Accordingly , the present application also includes a 
III . Methods and Uses method for treating a wound , the method comprising topi 
The topical administration of nifedipine may , for cally administering an effective amount of a topical formu 

example , be useful for the treatment of various diseases , lation of the present application to the wound of a subject in 
disorders or conditions including Raynaud's phenomenon , 20 need thereof . The present application further includes a 
chilblains and wounds . topical use of a topical formulation of the present application 

Accordingly , the present application also includes a for treating a wound in a subject in need thereof , a use of a 
method for treating a disease , disorder or condition that topical formulation of the present application for preparation 
benefits from topical administration of nifedipine , the of a topical medicament for treating a wound in a subject in 
method comprising topically administering an effective 25 need thereof as well as a topical formulation of the present 
amount of a topical formulation of the present application to application for topical use to treat a wound in a subject in 
a subject in need thereof . The present application further need thereof . 
includes a topical use of a topical formulation of the present In some embodiments , the topical administration or use 
application for treating a disease , disorder or condition that ( as the case may be ) of the topical formulation reduces 
benefits from topical administration of nifedipine in a sub- 30 scarring in an incisional wound . 
ject in need thereof , a use of a topical formulation of the In some embodiments , the wound is a diabetic ulcer , a 
present application for preparation of a topical medicament scleroderma - associated ulcer , a pressure sore or an anal 
for treating a isease , disorder or condition that benefits fissure . 
from topical administration of nifedipine in a subject in need In yet a further embodiment , the disease , disorder or 
thereof as well as a topical formulation of the present 35 condition that benefits from topical administration of nife 
application for topical use to treat a disease , disorder or dipine is a condition related to peripheral vascular insuffi 
condition that benefits from topical administration of nife ciency . 
dipine in a subject in need thereof . Accordingly , the present application also includes a 

In an embodiment , the disease , disorder or condition that method for treating a condition related to peripheral vascular 
benefits from topical administration of nifedipine is Ray- 40 insufficiency , the method comprising topically administering 
naud's phenomenon . an effective amount of a topical formulation of the present 

Accordingly , the present application also includes a application to a subject in need thereof . The present appli 
method for treating Raynaud's phenomenon , the method cation further includes a topical use of a topical formulation 
comprising topically administering an effective amount of a of the present application for treating a condition related to 
topical formulation of the present application to a subject in 45 peripheral vascular insufficiency in a subject in need thereof , 
need thereof . The present application further includes a a use of a topical formulation of the present application for 
topical use of a topical formulation of the present application preparation of a topical medicament for treating a condition 
for treating Raynaud's phenomenon in a subject in need related to peripheral vascular insufficiency in a subject in 
thereof , a use of a topical formulation of the present appli need thereof as well as a topical formulation of the present 
cation for preparation of a topical medicament for treating 50 application for topical use to treat a condition related to 
Raynaud's phenomenon in a subject in need thereof as well peripheral vascular insufficiency in a subject in need thereof . 
as a topical formulation of the present application for topical In an embodiment of the present application , the condi 
use to treat Raynaud's phenomenon in a subject in need tion related to peripheral vascular insufficiency is venous leg 
thereof . ulceration , intermittent claudication and peripheral arterial 

In an embodiment , the Raynaud's phenomenon is primary 55 occlusive disease . 
Raynaud's phenomenon . In another embodiment , the Ray In an embodiment , the disease , disorder or condition that 
naud's phenomenon is caused by an autoimmune disorder . benefits from topical administration of nifedipine is bovine 
In an embodiment , the autoimmune disorder is selected from hock lesions . 
scleroderma , systemic lupus erythematosus , mixed connec Accordingly , the present application also includes a 
tive - tissue disease , dermatomyositis , polymyositis , rheuma- 60 method for treating bovine hock lesions , the method com 
toid arthritis and Sjögren syndrome . In a further embodi prising topically administering an effective amount of a 
ment , the Raynaud's phenomenon is associated with topical formulation of the present application to a subject in 
administration of a medication , diabetes or occupational need thereof . The present application further includes a 
vibration exposure . topical use of a topical formulation of the present application 

In another embodiment , the disease , disorder or condition 65 for treating bovine hock lesions in a subject in need thereof , 
that benefits from topical administration of nifedipine is a use of a topical formulation of the present application for 
chilblains . preparation of a topical medicament for treating bovine hock 



US 10,543,202 B2 
15 16 

lesions in a subject in need thereof as well as a topical placed inside an enclosure with an access door , to prevent 
formulation of the present application for topical use to treat ambient light entering and for worker safety . For samples 
bovine hock lesions in a subject in need thereof . exposed to “ ambient light ” , these were placed on a labora 

The following non - limiting examples are illustrative of tory bench where standard fluorescent lighting was used . 
the present application : 5 Nifedipine 20 mg cream samples were spread evenly across 

the surface of a 15 mmx15 mm microscope coverslip to 
EXAMPLES create a thin film . To prevent drying , the samples were 

covered with Saran Wrap® , a plastic film that was deter 
Example 1 : UV - Stabilized Topical Formulation of mined to be UVA - transparent . After the allotted exposure 

Nifedipine 10 time the cream was scraped off the slide for extraction with 
methanol . Samples which were exposed while in solution 

I Materials and Methods and not incorporated in a cream were dissolved in methanol 
Chemicals : Glyceryl monostearate ( GL149 ) was pur as a 20 mL solution in a 100 mL beaker . 

chased from Spectrum . Stearic acid ( KolliwaxTM S ) and Extraction of Nifedipine from the Cream : Solvent extrac 
glycerin ( KollisolvTM G99 ) were from BASF . Liquid paraf- 15 tions were performed under yellow light . The sample was 
fin , rutin ( > 94 % ) , quercetin ( > 95 % ) and white petrolatum warmed in a water bath to 85 ° C. to melt lipids , followed by 
( VaselineTM ) were from Sigma - Aldrich Canada , and mixed addition of 5 mL of methanol and vortex mixing . The 
tocopherols from Lotioncrafters . Sodium lauryl sulphate samples were centrifuged at 14,000xg for 5 minutes and the 
was from BioRad . Nifedipine ( > 98 % ) was from Alpha supernatant retained for analysis . The extraction efficiency 
Aesar . Butyl methoxydibenzoylmethane ( BMDBM ) was 20 was 90 % . 
purchased from Tokyo Chemical Industries . TranscutolTM P Spectrophotometric Assay : Nifedipine concentrations 
( diethylene glycol monoethyl ether ) was from Gattefosse were measured in methanol on a UV spectrophotometer 
Canada . Water was purified by reverse osmosis ( MilliQ ( Unico SQ - 2800 ) at 348 nm . The linear range was 5-100 
system ) . Analytical reference standards of nifedipine and ug / mL ( r ? > 0.999 ) . Values reported represent mean + SD for 
dehydronitrosonifedipine were from Sigma - Aldrich ( 99 % 25 triplicate measurements . 
purity ) . Stability Studies : Nifedipine cream was prepared in rep 

Preparation of Topical Nifedipine : Topical nifedipine was licates of 50 g batches and stored at ambient ( 21 ° C. ) or 
prepared as an oil - in - water emulsion using the beaker refrigerated ( 4 ° C. ) temperatures , protected from light . At 
method , where nifedipine was incorporated into the internal the indicated timepoints , triplicate samples of 1 g were 
oil phase . Nifedipine is light - sensitive therefore work was 30 removed and extracted as described above , followed by 
conducted under yellow light , which does not cause photo HPLC analysis . 
degradation . High Performance Liquid Chromatography ( HPLC ) 

For the oil phase , glyceryl monostearate ( 6.7 % w / w ) , Assay : Nifedipine was quantified by reverse - phase HPLC at 
stearic acid ( 9.5 % w / w ) , liquid paraffin ( 9.5 % w / w ) , petro ambient temperature ( 23 ° C . ) - by an isocratic method on a 
latum ( 9.5 % w / w ) and Transcutol P ( 2 % w / w ) were weighed 35 Waters 2690 instrument equipped with a photodiode array 
into a 250 mL beaker and warmed in a water bath on a detector ( Waters 996 ) . The column was a C18 5 um 4.6x150 
hotplate to 85 ° C. with stirring until homogeneous , followed mm ( Phenomenex ) and the mobile phase was acetonitrile : 
by addition of the nifedipine ( 2 % w / w ) . Where indicated , the sodium acetate ( 1 mM , pH 5.3 ) ( 70:30 v / v ) , generating a 
following additives were included in the oil phase : quercetin retention time of 2.9 min for nifedipine ( linear range 10-100 
( 0.5-3 % w / w ) , rutin ( 0.5-3 % w / w ) and / or BMDBM ( 0.5-3 % 40 ug / mL , r > 0.99 ) . 
w / w ) . Drug Diffusion ( Permeation Model ) : Vertical 9 mm Franz 

For the water phase , Milli - Q purified water ( 46 % w / w ) , cells ( PermeGear ) with 5 mL glass receptor vials protected 
glycerin ( 13.4 % w / w ) , and sodium lauryl sulfate ( 0.95 % from light were mounted in a water - jacketed multi - cell 
w / w ) were warmed in a second beaker to 85 ° C. in a water magnetic stirring apparatus ( Fisher Scientific ) that permited 
bath with stirring . 45 ease of sampling the receiver compartment and reloading it 

The water phase was added to the warmed oil phase with media after each sampling . The Franz cells housed 
slowly with continuous stirring , and within a few minutes , STRAT - M membranes ( MilliPore ) , an established skin 
emulsion formation was noted by a visual change to opacity model . Strat - M membranes are made up of polyether 
as well as a sudden increase in viscosity . The emulsion in the sulfone , polyolefin and skin lipids . A static rather than 
water bath was removed from heat and stirring continued 50 flow - through system was chosen to better model Raynaud's 
while cooling slowly in the water bath until reaching 40 ° C. , phenomenon . The donor media was nifedipine cream , 2 g . 
followed by homogenization for 5 min , then allowed to cool The receptor medium was a hydroalcoholic mixture to 
completely at ambient temperature ( 18-21 ° C. ) . Prepared permit nifedipine solubility , composed of water , ethanol and 
creams were protected from light and stored at 4 ° C. buffering agent , pH 7.4 . The receptor medium was main 

Values provided for % w / w for all components other than 55 tained at 37 ° C. by means of a circulating water bath . For the 
quercetin , rutin and BMDBM are based on a 2 % w / w static cells , 0.5 mL ( representing 10 % by volume ) was 
concentration of nifedipine and no photoprotectant in the removed for each sampling and immediately replaced by 0.5 
formulation . Accordingly , these values will vary based on mL of fresh receptor medium at 37 ° C. Samples were 
the amount of quercetin , rutin and BMDBM added . Values immediately analyzed by HPLC for nifedipine concentra 
provided for quercetin , rutin and BMDBM are based on the 60 tion . The apparent permeability coefficient of nifedipine in 
total weight of the preparation . each cream formulation was calculated . The total amount of 
Light Exposure : A UVA lamp was mounted 8.5 inches nifedipine transferred across the skin as well as the flux was 

above a lab bench surface and the flux set to 740-750 calculated for samples with and without the penetration 
uW / cm² . This level of flux is roughly equivalent to a bright enhancer Transcutol HP . 
sunny day in mid - summer . Alternatively , where indicated , 65 Emulsion Phase Stability Analysis : A high - end Dispersion 
the flux was 492 uW / cm² which is more similar to UV Analyser [ LUMiSizer® ( LUM GmbH ) ] , which is a multi 
exposure in Canada in summer . The lamp apparatus was sample , temperature - controlled analytical photocentrifuge 
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with dedicated software , was used to predict long - term its original concentration by 1 hr . ( FIG . 3 ) After exposure to 
stability and optimization of nifedipine emulsions by means UVA light at 750 uW / cm² , the nifedipine in the cream was 
of creaming rate . This allows for an approximation of the reduced to 70 % of its original concentration after two hours 
relative stability to phase separation of emulsions that differ 5 ( FIG . 4 ) . The major degradation product , dehydronitrosoni 
in the type or percentage of photoprotectant and for con fedipine ( DHN ) was quantified by HPLC and appeared by 1 

h ( FIG . 5 ) . firming batch - to - batch consistency in stability against phase 
To investigate the use of select photostabilizers on light separation . ” For each sample type , triplicate samples of 2 

stability , rutin , BMDBM and / or quercetin were incorporated mL were loaded into photocentrifuge acrylic cuvettes . The at varying concentrations up to 3 % w / w in the emulsion as samples were centrifuged at 42 ° C.x12 hrs . Phase separation UVA filters . Incorporation oration of rutin at concentrations of 
was detected as an increase in light transmission at the top 0.5-3 % ( w / w ) did not significantly reduce UVA - induced 
of the sample , which is interpreted as an “ instability index ” degradation of nifedipine over 3 hrs when a 20 mg thin film 
reflecting the rate of change of light transmission . was exposed ( FIG . 6 ) . However , the chemically related 
Mass Spectrometry Analysis of Nifedipine and its Phot compound quercetin ( FIG . 7 ) in combination with BMDBM 

degradants : The high performance liquid chromatography 20 increased the stability of nifedipine to UVA light . ( FIG . 8 ) 
( HPLC ) MS / MS system was made up of an Agilent series Quercetin alone at 0.5 % ( w / w ) was moderately effective on 
1200 quaternary pump with an online degasser , auto sampler its own to protect nifedipine from degradation . BMDBM 
set to 4 degrees C. and DAD detector scanning between 190 alone was moderately effective , ( FIG . 8 ) however the com 
to 400 nm ( Agilent Technologies ) coupled to an AB Sciex 25 bination of quercetin and BMDBM was very effective , with 
API 4000 QTRAP mass spectrometer . Identification of the 80 % of the original nifedipine concentration maintained 
photodegradants of nifedipine following direct infusion of after 8 h of UVA exposure at 450 uW / cm2 ( FIG . 7 ) and 
2.5 ng was achieved through use of the transitions [ M ] 1+ to > 55 % at 750 uW / cm² ( FIG . 8 ) . 
[ M - C , HN 0.1 + ( m / z 345-344 ) for dehydronifedipine To study whether these additional excipients might reduce 
and [ M ] 1+ to [ M - CH GN , O3l + ( m / z 349–328 ) for dehy the physical stability of the emulsion by affecting viscosity 
dronitrosonifedipine ; peak areas were integrated by Analyst or emulsion droplet formation , the creaming rate and extent 
Software v1.6 ( SCIEX , Redwood City , Calif . ) . 36 35 were assessed in a temperature - controlled photocentrifuge 

II . Results whereby an increased transmission to light indicates phase 
( a ) Characterization of Topical Nifedipine Cream separation , which is then calculated as an instability index 
UV spectroscopy clearly showed the change in the ( FIG . 9 , showing differences between emulsion stability 

absorption spectrum of nifedipine after exposure to UVA 40 depending on presence of specific photostabilizers ) . If an 
light ( FIG . 1 ) . A solution of nifedipine in methanol showed excipient caused a significant change in viscosity , for 
a peak absorbance at 348 nm . A methanol extract of nife example , phase separation would occur more quickly and 
dipine cream [ 2 % ( w / w ) as O / W emulsion ] showed a similar adversely affect emulsion stability on storage . This infor 
spectrum . However , after 2 hr of intense UVA exposure ( 750 45 mation can , for example , drive the decision to choose uW / cm² ) this peak decreased and a new peak formed at 280 between two excipients that are otherwise performing simi nm . The appearance of the peak at 280 nm corresponds to 
the peak absorbance of the nifedipine photodegradation larly . The incorporation of quercetin or BMDBM reduced 
product , dehydronitrosonifedipine . While not wishing to be 50 the instability of the nifedipine emulsion , while not wishing 
limited by theory , the 280/348 nm ratio of absorption to be limited by theory , by altering the emulsion viscosity . 
intensity suggests that the O / W emulsion imparts some Mass spectrometry was used to determine which nife 
albeit incomplete , photoprotection of the nifedipine to UVA dipine degradation products occur following UV exposure 
light . Further analysis of the photodegradation product was 55 when one or more of the photostabilizers ( rutin , quercetin , 
investigated by mass spectrometry as discussed hereinbe BMDBM ) was present . Dehydronifedipine and dehydroni 
low . trosonifedipine were found in UVA - exposed creams , with 
Nifedipine stability in the cream prepared as 1 % or 2 % no alternative degradation pathways identified in the pres 

w / w nifedipine with or without Transcutol HP ( 1 % or 2 % ence of these photostabilizers based on appearance of m / z 
w / w ) was determined under light - protected conditions at 23 ° consistent with their expected profiles . FIG . 10 shows an 
C. and found to be maintained at > 95 % of original concen example mass spectrum Q1 scan of nifedipine [ 2 % ( w / w ) ] 
tration for at least 1 month ( FIG . 2 ) . However , upon expo containing rutin [ 0.5 % ( w / w ) ] with 6 hrs of UVA exposure . 
sure as a thin film to indoor fluorescent room light nifedipine Scheme 1 shows structures of compounds related to the 
concentration began to decline at 20 min , reduced to 75 % of photodegradation of nifedipine37 . 
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In Scheme 1 , nifedipine ( MW = 344.3 g / mol ) ( 1 ) under daughter ion formation on mass spectrometry to indicate any 
goes photoconversion to the corresponding dehydroni alternate degradation pathways in the presence of the anti 
trosonifedipine ( 4- ( 2 - nitrosophenyl ) -2,6 - dimethyl - 3,5 - di oxidants quercetin or rutin , or with BMDBM . 
methoxycarbonypyridine ) ( 4 ) . This process is independent FIG . 11 is a mass spectrum that shows the relative lack of 
of irradiation wavelength and insensitive to the presence of appearance of photodegradation product in nifedipine 2 % 
oxygen . This step involves photoexcitation of the dihydro cream containing 0.5 % quercetin [ 0.5 % ( w / w ) and BMDBM 
pyridine moiety in nifedipine corresponding to the lowest 40 The parent nifedipine compound is again shown ( la ) as the ( 3 % ( w / w ) ] that was exposed to UVAx6 hr at 450 uW / cm² . 
singlet excited state . This is followed by rapid intramolecu sodium adduct ( m / z = 369.4 ) and BMDBM , m / z = 333.3 ( 2 ) is 
lar electron transfer from the excited dihydropyridine moiety also observed . However , there is less evidence of dehydroni 
to the nitrobenzene - accepting group to give the biradical trosonifedipine ( m / z = 329 and as sodium adduct 351 ) than in 
intermediate ( 2 ) . The formation of ( 3 ) is compatible with FIG . 10. m / z = 291 ( 3 ) represents a daughter ion from nife 
proton transfer between the two oppositely charged moieties 45 dipine . The peak at m / z = 329 is apparent in the nifedipine / 
in ( 2 ) to generate the aromatic species . Loss of water leads rutin cream ( FIG . 10 ) but less so in the nifedipine / quercetin / 
to the major photodegradation product dehydronitrosonife BMDBM cream ( FIG . 11 ) after 6 hr of exposure . This is 
dipine ( MW = 328.32 g / mol ) ( 4 ) . Further thermal or photo consistent with the HPLC analysis of nifedipine and dehy 
reaction of dehydronitrosonifedipine gives the dehydronife dronitrosonifedipine concentration versus exposure time 
dipine product dimethyl 2,6 - dimethyl - 4- ( 2 - nitrophenyl ) -3 , 50 discussed herein above . 
5 - pyridinedicarboxylate ( 5 ) . Experiments to assess the diffusion of nifedipine through 

Nifedipine ( labelled as 1 in Scheme 1 and the sodium model skin membranes ( Strat - M ) were performed at 32 ° C. 
adduct thereof labelled as la in FIG . 10 ) and its photodeg using a static vertical diffusion apparatus ( Franz cells ) 
radation product , dehydronitrosonifedipine ( labelled as 4 in indicated transmembrane transfer continuously over 6 hrs 
both Scheme 1 and FIG . 10 , and the sodium adduct thereof 55 with a suggestion of differences between formulations con 
labelled as 4a in FIG . 10 ) are evident . In particular , the taining photostabilizers quercetin and / or BMDBM . Diffu 
parent compound nifedipine is observed in the form of a sion of nifedipine from the emulsion to the receptor com 
sodium adduct at an m / z of 369.3 ( 4a ) in FIG . 10 and the partment ( made up of saline and 20 % ethanol to permit drug 
appearance of m / z = 329 is consistent with dehydronitrosoni solubility ) was determined.38 There were differences in the 
fedipine ( 4 ) formation which is also observed as the sodium 60 cumulative amount of drug transferred from the nifedipine 
adduct ( 4a ) m / z = 351 . For m / z = 157.3 ( * ) and 115.3 ( ** ) , emulsions when the photostabilizer component was varied 
these represent daughter ions of the parent nifedipine com ( FIG . 12 ) , but the drug did diffuse for all samples . 
pound . The nifedipine was not protected from photodegra III . Discussion 
dation by rutin , therefore the dehydronitrosonifedipine Incorporation of nifedipine into an O / W emulsion affords 
appears . 65 some protection from UVA - induced photodegradation . 

Further investigation of the various photoprotectants However , following 2 h exposure , only 72 % + / – 7.9 % of the 
rutin , quercetin and BMDBM indicated no unexpected nifedipine remains . 
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Rutin , although it is an antioxidant and is highly absorbent dovinos , S. T. and G. J. Landry , Raynaud syndrome . Tech 
in the UVA range , was found to be ineffective as a photo Vasc Interv Radiol , 2014. 17 ( 4 ) : p . 241-6 ; ( c ) Barrett , M. E. , 
protectant for nifedipine in this O / W emulsion preparation at et al . , Raynaud phenomenon of the nipple in breastfeeding 
concentrations up to 2 % ( w / w ) . No significant difference in mothers : an underdiagnosed cause of nipple pain . JAMA 
nifedipine concentration was found between preparations 5 Dermatol , 2013. 149 ( 3 ) : p . 300-6 . 
with and without rutin after 2 h UVA exposure . ( a ) Flavahan , N. A. , A vascular mechanistic approach to 
When quercetin ( 0.5 % w / w ) was incorporated into the understanding Raynaud phenomenon . Nat Rev Rheumatol , 

nifedipine cream , photostability was improved after UVA 2015. 11 ( 3 ) : p . 146-58 ; ( b ) Baumhakel , M. and M. Bohm , 
exposure . In combination with BMDBM , a further improve Recent achievements in the management of Raynaud's phe 
ment to at least 75 % of the original concentration even after 10 nomenon . Vasc Health Risk Manag , 2010. 6 : p . 207-14 . 
8 h of UVA exposure was observed . Plissonneau Duquene , P. , et al . , Cold climate could be an 

It is desirable to minimize phostabilizer degradation under etiologic factor involved in Raynaud's phenomenon phys 
broad spectrum UV light [ UVA ( 95 % of UV light reaching iopathology . Epidemiological investigation from 954 con 
Earth , 315-400 nm ) plus UVB ( 280-315 nm ) ] . The present sultations in general practic . Int Angiol , 2015. 34 ( 5 ) : p . 
studies have shown that the combination of BMDBM and 15 467-74 . 
quercetin is effective in maintaining nifedipine concentra Hughes , M. , et al . , Prediction and impact of attacks of 
tion under UVA light exposure over the typical time period Raynaud's phenomenon , as judged by patient perception . 
in which the nifedipine would be exposed to such light Rheumatology ( Oxford ) , 2015. 54 ( 8 ) : p . 1443-7 . 
during use . While not wishing to be limited by theory , Merkel , P. A. , et al . , Measuring disease activity and 
quercetin's antioxidant properties may stabilize BMDBM in 20 functional status in patients with scleroderma and Ray 
such a formulation.39 naud's phenomenon . Arthritis Rheum , 2002. 46 ( 9 ) : p . 2410 

Analysis by mass spectrometry aided the understanding of 20 . 
the degradation profile of nifedipine in UVA - exposed o / w ( a ) Ennis , H. , et al . , Calcium channel blockers for primary 
emulsions in the presence of rutin , quercetin and / or Raynaud's phenomenon . Cochrane Database Syst Rev , 
BMDBM incorporated into the nifedipine cream . 25 2014. 1 : p . Cd002069 ; ( b ) Landry , G. J. , Current medical 

This O / W emulsion formulation of nifedipine does permit and surgical management of Raynaud's syndrome . J Vasc 
diffusion of nifedipine from the emulsion across model skin Surg , 2013. 57 ( 6 ) : p . 1710-6 ; ( c ) Nguyen , H. and A. M. 
membranes , which may be useful for its applications , for Amanullah , Therapeutic potentials of phosphodiesterase - 5 
example , for the topical treatment of Raynaud phenomenon inhibitors in cardiovascular disease . Rev Cardiovasc Med , 
and chilblains where skin penetration is necessary for effi- 30 2014. 15 ( 2 ) : p . 158-67 ; ( d ) Stewart , M. and J. R. Morling , 
cacy . Diffusion of nifedipine across skin may also be useful Oral vasodilators for primary Raynaud's phenomenon . 
in wound healing applications but because the site of action Cochrane Database Syst Rev , 2012. 7 : p . Cd006687 ; ( e ) 
is the dermis , a topical nifedipine formulation may addi Garcia de la Pena Lef vre , P. , et al . , Efficacy of Raynaud's 
tionally have effects on the surface of the skin . phenomenon and digital ulcer pharmacological treatment in 

These topical nifedipine formulations containing querce- 35 systemic sclerosis patients : a systematic literature review . 
tin and / or BMDBM may , for example , be useful for reducing Rheumatol Int , 2015. 35 ( 9 ) : p . 1447-59 . 
tissue damage in patients with scleroderma , rheumatoid Ennis , H. , et al . , Calcium channel blockers for primary 
arthritis , systemic lupus erythematosus and Sjögen's syn Raynaud's phenomenon . Cochrane Database Syst Rev , 
drome , optionally as a part of combination pharmacological 2016. 2 : p . Cd002069 . 
therapy for RP and / or for those who have outdoor occupa- 40 ( a ) Negrini , S. , et al . , Efficacy of cilostazol for the 
tions . Furthermore , such topical nifedipine formulations , treatment of Raynaud's phenomenon in systemic sclerosis 
may , for example , be used for wound healing 40 , peripheral patients . Clin Exp Med , 2015 ; ( b ) Pope , J. , et al . , Iloprost 
vascular insufficiency - related conditions , and / or in diabetic and cisaprost for Raynaud's phenomenon in progressive 
ulcer or scleroderma - associated ulcer treatment . systemic sclerosis . Cochrane Database Syst Rev , 2000 ( 2 ) : p . 

All publications , patents and patent applications are 45 Cd000953 . 
herein incorporated by reference in their entirety to the same ( a ) Iorio , M. L. , D. L. Masden , and J. P. Higgins , 
extent as if each individual publication , patent or patent Botulinum toxin A treatment of Raynaud's phenomenon : a 
application was specifically and individually indicated to be review . Semin Arthritis Rheum , 2012. 41 ( 4 ) : p . 599-603 ; ( b ) 
incorporated by reference in its entirety . Where a term in the Linnemann , B. and M. Erbe , Raynaud's phenomenon and 
present application is found to be defined differently in a 50 digital ischaemia - pharmacologic approach and alternative 
document incorporated herein by reference , the definition treatment options . Vasa , 2016. 45 ( 3 ) : p . 201-12 . 
provided herein is to serve as the definition for the term . Merritt , W. H. , Role and rationale for extended periarte 
Garner , R. , et al . , Prevalence , risk factors and associations rial sympathectomy in the management of severe Raynaud 

of primary Raynaud's phenomenon : systematic review and syndrome : techniques and results . Hand Clin , 2015. 31 ( 1 ) : 
meta - analysis of observational studies . BMJ Open , 2015. 55 p . 101-20 . 
5 ( 3 ) : p . e006389 . Landry , G. J. , Current medical and surgical management 
Prete , M. , et al . , Raynaud's phenom omenon : from molecular of Raynaud's syndrome . J Vasc Surg , 2013. 57 ( 6 ) : p . 1710-6 . 

pathogenesis to therapy . Autoimmun Rev , 2014. 13 ( 6 ) : p . Ennis , H. , et al . , Calcium channel blockers for primary 
655-67 . Raynaud's phenomenon . Cochrane Database Syst Rev , 
Scleroderma Association of Saskatchewan , Scleroderma : 60 2014. 1 : p . Cd002069 . 

Disease Definition . 2017 . Stewart , M. and J. R. Morling , Oral vasodilators for 
( a ) Pope , J. E. , The diagnosis and treatment of Raynaud's primary Raynaud's phenomenon . Cochrane Database Syst 

phenomenon : a practical approach . Drugs , 2007. 67 ( 4 ) : p . Rev , 2012. 7 : p . Cd006687 . 
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Ann Plast Surg . 20 ( 6 ) : 582-585 ; ( i ) Castangia I , Nácher A , to ultraviolet A ( UVA ) radiation at a flux of about 492 
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A , Manconi M. ( 2014 ) Fabrication of quercetin and cur 12. The topical formulation of claim 1 , in the form of a 
cumin bionanovesicles for the prevention and rapid regen 
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13. The topical formulation of claim 1 , wherein the topical 

formulation is formulated for transdermal delivery of the 
nifedipine to the subject . 

14. A method for treating a disease , disorder or condition 
that benefits from topical administration of nifedipine , the 5 
method comprising topically administering , to a subject in a 
need thereof , an effective amount of a topical formulation in 
the form of an oil - in - water emulsion comprising nifedipine 
and a photostabilizing effective amount of a combination of 
quercetin and butyl methoxydibenzoylmethane ( BMDBM ) 10 
as defined in claim 1 . 

15. The method of claim 14 , wherein the disease , disorder 
or condition that benefits from topical administration of 
nifedipine is Raynaud's phenomenon . 

16. The method of claim 14 , wherein the disease , disorder 15 
or condition that benefits from topical administration of 
nifedipine is chilblains . 

17. The method of claim 14 , wherein the disease , disorder 
or condition that benefits from topical administration of 
nifedipine is a wound . 

18. The method of claim 17 , wherein the administration of 
the topical formulation reduces scarring in an incisional 
wound . 

19. The method of claim 17 , wherein the wound is a 
diabetic ulcer , a scleroderma - associated ulcer , a pressure 25 
sore or an anal fissure . 

20. The method of claim 14 , wherein the disease , disorder 
or condition that benefits from topical administration of 
nifedipine is a condition related to peripheral vascular 
insufficiency . 
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